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(54) Title: SELF-ADDRESSABLE SELF- ASSEMBLING MICROELECTRONIC SYSTEMS AND DEVICES FOR MOLECULAR 
BIOLOGICAL ANALYSIS AND DIAGNOSTICS 



(57) Abstract 



A self-addressable, self-assembling rrucroelectronic device is designed and fabricated to actively carry out and control multi-step 
and multiplex molecular biological reactions in microscopic formats. These reactions include nucleic acid hybridizations, antibody/antigen 
reactions, diagnostics, and biopolymer synthesis. Tbe device can be fabricated using both microlithographic and micro-machining techniques. 
The device can electronically control the transport and attachment of specific binding entities to specific micro-locations. The specific binding 
entities include molecular biological molecules such as nucleic acids and polypeptides. The device can subsequently control the transport and 
reaction of anal ytes or reactants at the addressed specific micro-locations. The device is able to concentrate analytes and reactants, remove 
non-specifically bound molecules, provide stringency control for DNA hybridization reactions, and improve the detection of analytes. The 
device can be electronically replicated. 
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-pi— ^/p^^ffitf, is)— ias-eecs^i-*o/w^y y-Y-^-->g 



(26) 9-503307 

fWRSJWEJS ; i3i;OTNA/RNA^y * ^-^iffDNA 1 ^- « 
SRWJfMSlC) Sr^r 5 * SCOBS' 1 

^x^w^ ta ^ * *r a £ *r-r k^jis^ tt a/Mutest Wt* 

^^^^/^^^ft^lC^n^^jU^^m^X^^ h 9 ^;*(activ 
e programmable electronic matr i ces) -"C £> £ £> , ^^f§ TAPEXj 3rfl3V^ 

APE Xg^ItfStf/M «fc Xf^f- y ^ffilb W*ttKtc J:ot, 
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14. *WDNA»^J:t5RNA^©j6»*J:Vfll*H«fl<i**iln*fctt*l« 

NAa^/!) K*a*lWtaEttU ; (2) 24fctt^rtb5rS^SS©iW-'Etaw 
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i5 s s o -o sr«-i-5^>r § e^^n^m^r^ LT^S. 
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r»j»prtB^o«tBttoDc*-KjB«»«*j fctt. *y*P^ffift*:*-effif« 
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^/^^ii. 2o< £>VM£>'>ftv>T Ki^^pTIBftjEIRJHBffilS. 

ioxri. ^fc^^^. -SMb^-r*. ^^T^r^nK 

tei?^ ft £ffi*m±-efr 5 o :n e> ©fi/Msm^stffi 

»DXttffi£JBv^*OX$ftJ: 
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xfftmmtmmzftt^m^xm&m&w^^ ^tc^^^hmm^tt^xo^ 
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^MW(12)±ICM^, Sfti(2 0), 111(2 2), ft*I(2 4)*5 

ff » L^<-f ^ ^aSi^JJ S tt, filt;^-F/Knm)-l 0 0 

hM^m), *b»*U< t*2 nm-1 0 Mm^i^t5:^^5 0 

Wlliaot, JIS-fr*Ko**»^ffloX«^«fltSix5 0 ^^^^ 
U< 12 1 nm~ 5 0 0 nmi:t6:^ J tl5, fcaa^W^^TIi, 

Rasa** m— o»*>fe»rtS**wfcas-efts. *s-&»R<a# 
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St »««43 £ t>v< >r - K @ «> ^ ^ S: Bi t) H tf -e *> ^ 5 r. i «4 
MUX) £ uiv^it^*5, *Ho#T KA^JHlMWMfcT Kv*S*t 

T&^-r^-r^i^ e 4m<Dmwmzw:*^'tz> 750^x75 o^m^w 

iP^T. » 1 . 5 cmx 1 . 5 c m©^#f y ^iS±l-ffJlt5. 

f(3 2)lt ifi»(OiK«*Bffl« 4: 5 0 m8t*bTV^#)5 0 Mm z T^5 e &® 

^<DT»a#jNBm*ffl^»«lHlBtt. f K(3 0 0 Mm 2 )(3 4)C0^ 
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fiiJJliaSl5(l OmmX 1 0mm)4:iotV^„ -fr t) ±^ofcrt{PJJ^523SPI±, ig% 
(.1^<7V fctft?*, ^s'T'Ktt^y K(3 4)I4^^T K^s^— S*OfcT 

1(b) ^^!)y^77-f — ffcgjfc 
I (b)(l)ff»II 

(Slftl^ S«ttH l~2cm 2 <D-> ^ol/n— £fcllJ¥£ 0 . 5 „ mOf^ 
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7VAzi35oj)tft»siu lag&A^-v-e^^waOitfit f ie id 

))U KftLSMfe-t-S. tt7*MSWUfcv5?^ 83tT/^5 = ^A 

PECVD*fflV^t> nT-vyZaWlCO . 2-0.4 nmOS i OaJf-C. 

ftiN-eo. i ~o . 2 ^mCD^b^-i'^(s i 3N4)g-c*SIK^^i-^. &v^-e, 
K3fcL.Slffei-.5o 7il-S)!fLfcv^l-tl4L 1 s i 0 2 *3J:T>'S 

'&mmm<7>rav>&mz%kfrs i oz^^t/s i 3N4jg«::j:o-c*&*f saxfc**** 
So 

{*i-£„ u-^ Mt4lv^«SLIgffltSwi:tt%5. no-tick 
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1(b)(2) ammts*tfttmmm&T.m. 

SiS^tt. tttt**tt»*«J6^ttK**f+*i-*fc»»Cs Mm 1 *!!*!) 10 5 ~ 
1 O'ffiWg-fgS^M^t-r^o WRttHS-frttfTof**!*, «-|BYt*»6.T»« 

flS^-f *KH4, *>5®^(~5%/iV>U2 5%)<75tgib^JS@»^B®1S^B* 5 
Sf^(H20)^^{Cte^t L,TgH£T#, Na + *5.fct/Cl 

ajta'ignESjis. 

(C«:(l) To — V(Lawn)j , (2) f ^ yi'a (Mesh) J *5j;t*(3) r#— 7* 
(Porous) j *^S^$ix5„ 
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APSRJtStt, ^'M* fy^*Bt h^xyf© 1 0%AP S 
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&s*®i*. ^i-gr^s(io 5 -io 6 / M m 2 )rtigftt6 0 ^etn 
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1(c). ^^pv >jPXg2H ^ <P«IJ- 33 J: TJgf^a* 
ro-fe^s -7^^u-7^y3)|llSi(eitll *?U fc 



(40) 9-503307 
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. lV^S^it^('-3-4mm)(6 2)14. fi^O»fif ftW<-(5 7 
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2 nm-1 0 nm^t?)l8^g8i^Mt6o y/W^^fP^^tt/c^ 



(41) 9-5 0 3 3 0 7 

o 

I I. f/M^^§B^7 Y^i/i/isf 



(42) 



!&m¥-9-5 0 3 3 0 7 



©mffi)* 1 -i* JS ** lx5 - *,5**(c*iV--Cll. EM» 

»«j**J4*»*»?»*»©«Hii-*^^* s ^**- ^WM»tI(7 2)± 
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III. X<Dli&m 

$LlTZ>Z.frh<Os<7*-9-\cUrtZ > &m&\-i : (l)tt*Lfc#J|l$l£-£-'feff£ 

±# ; (3)«*»ffi«*»feo*R«*sJ:W*»*Wife-g-J«»©ffl**»oa«fl«|/j: 
; i3j:a t (4)*ai»^ft#©lft»ttro«^X¥«*W»*JJ:tJ t Dl*Wffffl-e 

-t£^5£<£>DNA*5J;TJRNA^f 7 V jf<<1*—~>a ^TMHUXJ^m ; 
{Alii, WfI«DNA/7'D-/DNA v f+^f^n -t'D N A/#lftD N A, ft 
S«ffiDNA/S«DNA/7 , B-^DNA ; 

-»JPB»r-H-*5«tTJ t — «WDNA/RNA»r>i-^-<X^«f ; 

— t?RJft, JJ.tt/DNA/RNAti^ ; 
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iii(a) gB^y£^lL£^=Slg>: 

tfb. amhu «To«5t-cjBv*5o gtaeiorwit ^^^^ 
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»»«a-9 i/tt K»i:i«Kt«K:-eaa*caaT Kv^ts. 
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y =t?.? U^Kl*, 61^-1 0 0lft©ei©3 '-my&TASfM K 

S(H4#J»). r©8^(D^^^-y Ktt, 

(CPG)%ftm*bmi&-tZo Lt, 3 '-^igfitStcjiy K*s 

3 **BMHb»cJ:o-C#AfclEfl:4ix5. *y's*5C^ u**-K(4 0)*-^*-T5 
TA-rt Ktt, ^7(Schif0**KJtSXSfcioT, ®^*SfiS^ffi±©^- 

«F*W^-y =r^i? w^-^ Ktf^^t©1^1^7 KVy->^^«:08{c 
^•To Ii©MKiiWtI(ML-l)(8 l) k*<Dft&#)mm*V is 
tf K(SSO-l)(8 2)k<D7 Y^yU^if\^ i|#^W»/httffi(ML-l)SrjE 

J; 9 (El 8 (A))„ *tt««tt*©T/i'f* t KmSf MWItt)B7l(S S 

0-1)14. ML - 1 7 K^iT&t?^ Kt«*»Sft, t^X^ti^m 

m(> i o 6 f&)t-5 ta:*>(cML- 1 (s i)ro*Hic*^iS-g-r5„ it©«s©s 

tc*§i$$*v-C*5tK S SO - 1S2?0(8 2)ir<73KJt6?4^^t LT 

^ro^Aass so- 1 ti^^s-cm^ibr^o ■y-'f^/Ki, £-C<D/5rS 

ro@^<4g^^rtLf>cD!t#^e*)DNAia?iJ-CT S SO- 2 (8 

4)--->ML-2(8 3)« S SO- 3 (8 6)--->ML- 3 (8 5) N SSO-n--->M 
L-n^yig-T(ia8(D)) 0 
x/^^SrT Kl/*-f5t>2 loom l^If»KIMf/^^A'b 
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f/w * no©*****?* s> '< y -* « r t # nattHflw*** * < * o fc. 

f+*S*5*:«>, w©i ttt^TtB-Cfo*. @«*ffltefi*E~© 
v^*«r#a«W«SH:4(t«i:U-C^9tai--ta*T?**. *><^ DN AT 

ss^*tafics-c^ii4DNA*5ai^sixs(0 9 (b))„ tt&mm 

fc* (12 9(c)). w*fc«t5SCK*sv''-t, a<iltv#-?--^-^w 

o-r. wwdna#*©*<*w*&*-J-*. #-*w*v-iHDNAic*5VN-ci 
o.ooo~i o o.oooa tr-ro«WE?oa s *ui^t « tTastt*. w©S! 
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t>9 loODNAM^y ^>f if— v-a y7yt>fWit^Sl:r3:, ^®-h 
«BDN At/W ^9 ^ r i *44h5. wtf>»5tK:Wu H^tflgo 

^LtV^5o w(0*^^V^ N fitK»ttl( 10 1-10 7)l«45«fiDN 
^«STWX!J^Xt5(1 0 8, 1 0 9) o ««jNMS«tt. WI&> jEMffiHfr 

#^$*Wicv^K:fl3i*5;i t^-e#5^Sr^Ltv^„ *^x^Mj|fcl&fty$Ptit. 
tt»-ttS-R*t-&o^«r*ctaffli-5wi:36s-C#So 0 l l (a)K*sv^t\ ^ 
^DNA/^^J * K(l 1 0)tt. g^DNAMXy y K(l 1 2)t0 t> 

«M-S3£T*>«. 3B«WMSt«S:ft (Hi 1(B)), Brft**>««*» 

tttfcli**too % *4JWDNA/^^9y K*flH*r*-*a">Tffi"T?*>5 
(B 11(C)). Hl5tt, «M»ttl««*S:SStfct : f J ^ 
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/M'T/y ^>fi£— v- 3 ^liSftStRjcSTffc^o SE**fcttSlli7W»atS, in 
fjfirW • ^rtlb 2*1*0— co/VU^^^y jfsfM—fa 

•cti:5*d*es^ R*sffl«jmffi«jc*5i'ts^-<^ r y ^ v-s 

5«^X¥fiMttS:«t 5 w t iS-C# 5o CL<E> r <!: tt> ^^^^ 
m?mi£(S BH), :fcJ:TJ4i&*>«*#W^ 

r <o« m <^ r t # ) S: k ao x. x . «^x#w j&teftj®) iaot 

V^C^ifi^JI^CJ^TfL 1 0 1 9 II 3 ? ^ l^tf K*, Jft» 
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*»M#bH:, If 5 A P E Xr/<-Y ^itOA^f / U 

:i:^tt5:^^Lt Mv^y v*-^ KE5"J(7«flc*fcH:*ix 

*aot>0)li. >M^y Wf->3 V^J:5IS?U*«(SHB)JcfiL««:^U 

K(81#= 6 5,5 3 6, 7i<*= 1 6,3 8 4, 61(^=4,0 9 6)^1 

y ^m^^t-ro • /^^y^*-*>a vfti*- 

*is«i4#fia) 0 L^uft*«e>. aa^e>DNA«rfi6tB-r^«t t> t>tpu-s. bs 
u ±»<o^<< 7 y y-fif-v' 3 ya^afeSt^i t icx or. 
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©BEaMtmn:, JWfc*^s?*A©r**DNAtt*6**rJBV*S::i:fcJ:o-C* 

*#**snt«:*-rs. hi 2(b)k*sv*-c, jE{cS#Lfc£Si(i 2 2)»±, a 

tOW-^T'!) />fX(12 l)ODNAB«»R*Kifrl'5(Bl 2(C)). 

(2)#«?^^fcS^DNA«J:U : /*fctt7*n-^DNAiE?iJro, s^Cfy* 
J5fg(> 1 0 6 )%M:52N'i&;t5. 
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sc)©ttffl, 

(9) 1,000 — 100,000 =f-«si^^iy/^lWDNAia?ijo/N 

(1 0)*-£S^*fWyy >g >(j(!L*««»)OW9JJt(i-*fo 

fi#*3 J: t*t *L*i«0 t> O) 4 fcilgV * ( 2 2 Sf*4 fctt^ft^igx £ t> <D) d><D 
OESCtOta 

(13)* - 4# y*??*?^ Krt# £ Bfc*r 5 n 4: fc. ± 5 ^ » ^ if 
111(b) g>j£ZLg^gajS 

fi»jf»fi:«S:^^^^— ^<>r^*. #^^)ffi*iWDNAia?[|(i 30)^^ 
/y^x^t5 c rtte>^ffi«»EJ»««sttYbStt. -tlx*. s»aBfics#« 
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*$r_?VM*i:JttfcLfc(Bl 3(B))„ xo>mmm.ttK*iz 
x^^*-e^i"'5(El 1 3(C)). «*«MSc«IB«)^o^h-^asft/Ma<tS 

III(c) g^gff/W ^fe^tftffiAPEX-^fA 
#<OM*OAPEXf f ^^*fcttt?7'4:a**b*t*aAPEX^ 

9J * O A P E ^ y /fca*mTWH«* £ tf/~f ^ 9 ^ 

R8). r^PjCftSAPEXg'Mi^If^^T^li, ^£:ft&J*#tfrS§4fc 

iii(d) *fem->^^Aj o±o:v^-^-S 
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CCD), )|Mfi^f/^^(ICCD), -^-f^n^-r^M" 7u—hWitii 

is, h>-ff^7^- h^^(PMT)->^7 i A)(cft#-r5 <> &imth 

il5iSSCCD^5'^aill4fc«T^7>-v'^ • 7* K(APD) 

&ws§£ a p e xf/^ * t £ b^it^toicM^-g-fcHts r t tfts. r ttb 

*j i wat^tt ttiuKtt. ape xmj$,mm<og.m&mvxm.mttoizftm 
DNAyn-y, gse<jDNA*fcii*t^srsias-r-5<Dtc^v''5r tts-vzzm 

I I 1(e) jfgjt±£&Ml!£±tM 

i*«s«js«i * ± < &m t l * v g sfg^ro if? 9 r i # -e# s. 
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^©i^^rr ^£;h,fcfg-SfcT =■ y(X-NH-)I(l 4 2 ) -?nmt 3 *XTV^ e 

y*^jas<S**u*. r^^t^^T. tt»*iiiE(+) 

R5(BU(B)), E43J:t5A«tt*a«ma^a«i"Sri:«cJ:oT, fdico® 

HXX^C^V^T. v/^fA^^^T^^ bt*3g(x-C)(l 46)C» 
\cmm-?Z>- <ttcJ:oT. g^^ifeS, :©»*i:tt^h^©R^y^B* 
*MSt«— y :/ U ^^tT3btt5o (C)* * v*-^ KliR-^p $>?£ti 

^^U*v^(BI 1 4 (C)*5iU 5 (D)) 0 wO«p^-eii#^^^*^T 5 Kft 

ff^^il, ««Ufc**<Offi«S:lEi:-r6. ^y/J^t^lft 
Lfc«»»Wti^©lRft4* ^^^l*ih«(Bl 4 (E)*5J:t*(F)) 
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111(e)(1) * — $-*vu - h7^7x7-f^fcty ^2J^3i if 
5 '-ftyfici/y -fcy^t u^-^ Kzy yio3 '-^yy ^b^^tvk ^.tt/*;* 
# y^i; >^xm<£>fc 3 '477r tf^JBV^T 3 '-y ^K^^^^S: 

ic-jRW^APExaMfflv^r is55-e#S P r^T^o— ?"K::J3V*Ttt. -t 
»fi:«Jca»bTv^A, i\ Gfc J:t;c? ^ l/tf KSrtt 5 A P E X v b y 

^^y^y ^^BU&(om V> KHU -t0>*-ffi-T*A** i-^? ^7*17 
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Ill(f) M^x^W^ftJWg^fc^^fe^gJgfe ^traWKJC 

(pcr. lcr^) ^os*W^fiSibW^»*ffl-^vy **;*X*Mfr 
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)^^^tt^(OTm,g J: 9 t> It 5 ^Cft V T t D N 
A/^yy y KtaHRttf-SEttS* ; (2) 2 4fctt-tix*:ffl*.5««»ffi11IBI^ 
DNA«r«T«^fflfiStc*aS*fctt»»*-e: ; *5 i t/( 3 ) 6 fc ©-CttftvW 
„ ©JK^i^ K-*^ i/7- DNA4fcttRNA*!)^7-l 4 5>VC!I#- 

mzmm-rz^---? *«^-x*w«»fli3fti«ttsn*. ape *±T*fr 

tC« : (l)d s-DNAE^J^«^X¥ft*C»lftStLfciWIS**«I»: (2)DN 
A^y ^ 9— < Kl J:5«WDNACD*^X#»i«« ; ( 3 ) DNA*5 XVR N A y 
^-if^iS«^DNAE^JOS^X^*3^43<tr/lStI ; *3j:tf(4)RNA 
^ ^-iftCi:5HWDNAO«^X^^it^D^Q^^tt5 0 

iiKg) m±x^ia^MMg&^fi 

DNA»r^«»w*>rx%5>wuay^-rso^v^5ci^ 
-e#5 e »*sftSeoDNAiK^^ffl^^a#wffi«±^*iii«ffl 

i£^W£5M&iew-w ^ y *v x-c# ©^t^h-<?5^ x y 

»*5DNABr>fS:StR^^JK,-^^y ^XSt5I^m5 0 
Stealer Ku*£*xT^5*&k:ti:. -tttfcSrfiafflffiat^blft-^^y 

^ x s * -5 co tc^-r 5 tz.\±mt) w</wc iot, tne>^t>r 

APEX^^oKSfeJ^a/BKIB^ 
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vkTtomtemwamiBL* »m»xxm»<ow^n> ^'^^^1 

J . Sambrookh -< — ' * ^ !> (E . F . Fritsch)^ *5J;t/7^ — • ^ 

*(T.Maniatis) ^V^ra7~ • : T * 9**9 h V — • 

-^^rLT^(Molecular Cloning: A Laboratory Manual) J ^ 2 RR, — 
3 — ^,=3 — /UK • • /n— (Cold Spring Harbor) O n— /V K • 

^^y — — • 9 ztf9 h y — -7^1^^ (Cold Spring Harbor Laboratory Pr 

ess)tfc, 1 9 8 9^tCiB*fc£;ft,-rV^ 0 
I V. glfeff] 

dJ8DNA/o-^H7^7>f K • y<-T^^^^AX(Applied B iosys terns 

*i"5ct 5t-Hfr Ufc c 5 '-'B'fiBSttAB I y 5 (Ami no link) 2f*|g£: 
^oI^aoTiAL, 3'*IMMtRNA CPG^S^^oM^Pife 

RJc5*#«-i«TOil?>-efc5 : 2 0-3 OC.D.ty 
1 OD/jx l 6 e i8too.lMft»tM)!>^ pH5.2ioJ:(;i 

^sc^o.4 5MiB3 vmm-rh y ^^(7K^«T^iwn»-rs)S:«»D"r5 0 

-frW*. O.lMU^tfy)^ P H7.4T?iftttt77T7^^G- 
i0*7A(/^7-/l/'^yh, 0.6X5.5 cm)lCMt5o 2 0 0 ^ 
SEliS^SrSSEtLs 2 M l©7 y ^-h^Ii^t 1 ^H^77>f-(TLC)±H7, 
#yhU »^«R(UV)iRJfcH»*:«:#i-5. 
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ET-12R 


5' 


CP-1 


5' 


AT-A1 


5' 


AT-A2 


5' 


AT-A3 


5' 


AT-A4 


5' 


AT-A5 


5 ' 


AT-A6 


5' 


AT-A7 


5' 


AT-A8 


5' 


AT-A9 


5' 


AT-A10 


5' 



GTC TCC TTC CTC TCC AGU 



• K*ft*/l'*=- ^(^^^7 ^n— (Molecular P robes) £b) £: 

5? 



^f/^/VAT; K(DMF)C8#m ft»i8S5 0mg/ml(8 0mM)iLt 
0 rf-^-Sro .4MfijKB^h y VJ*. pH9.0-9.i(:S»Uft»»flE 
10.D./Ml(2lI#trt:5.4mM)Ht WSSff-C, =iV— 1 

, PAGEtJ:oTtt»tfc(tA^7^(Sanibrook)?>, 1 9 8 9^ ii) 
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ET-21A 5' -Amino-TGC GAG CTG CAG TCA GAC AT 

ET-10AL 5' -Amino -GAG AGA CTC ATG AGC AGG 
ET- IIAJj 5' -Amino-CCT GCT CAT GAG TCT CTC 
T-2 5' - Amino -TTT TTT TTT TTT TTT TTT T 

RC-A1 5' -Amino-CAG GCA GTC TCC TTC CTC TCC AGG TCC ACG 

TAG 



RC- 


-A2 


5' 


-Amino- 


CTC 


CAA 


ATT 


TGC 


TGA 


ACT 


C 


RC 


-A3 


5' 


-Amino- 


GGA 


GAT 


GAG 


GAG 


TTC 


TAC 


G 


RC 


-A4 


5' 


-Amino- 


CTG 


GAG 


AGG 


AAG 


GAG 


AC 




RC 


-A5 


5' 


- Amino - 


CCA 


CGT 


AGA 


ACT 


GCT 


CAT 


C 


RC 


-AG 


5' 


-Amino - 


GTC 


TCC 


TTC 


TTC 


TCC 


AG 




RC 


-A7 


5' 


- Ami no - 


GTC 


AAA 


TCT 


AAG 


TCT 


GTG 


GAA 


RC 


-AS 


5' 


• Amino - 


ATC 


TTC 


TAA 


ATC 


TGC 


GGA 


A 


RC 


-A9 


S' 


-Amino- 


GTC 


TGA 


GAA 


CAG 


GCA 


AAC 


A 


RC 


-AID 


5' 


- Amino - 


ATG 


TTT 


TGT 


CAC 


AGC 


GAT 


G 



mmm 2 : tt«a>xifcw»r^>f ^oa^xiEttKiy Kj^xan&fi&ai 
fas:-* u v i>^m 

gaaftiliW^at ( 0 . 2 mm X 5mm)i>WHt. 0. 1 - 1 . 0 
V V ^ySrSttSl 8-2 6%#V7? Kt?%iWWSr8lfc U 



jcfc, ±»*s itmsiWBBS: 0 . 1 M J y*t HJ C A, P H7.4t«fcU 

K(BioRad)5 0 0/1 0 0 0 «2l JBV^ 0 . 0 5mA-f? 
1 O^IB^V-fMbS**:. a3?*RBMbET-l 2R«ffiIE?WJ2 M n(0 . 1 
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. t4b*>ET-10AL-TR«:SHlDtfco HCfiffi-Lfctt»S»fflffl:«^*5V^ 
T\ 0.0 5mA5£mSrC2-5:#ra*-y ^-«:«*»»»IC»*L*:. 

(aoTttStt *-**tttt*tCOV^T<D*«>»BRtt. ET-1 OAL-TR 
£#-ffi*§WDNAE?!lET-2 lA-TRCft^T, HWE^ ^ t < ?To fc. 

T- A (Hamaraatsu I CCD camera imaging system) Srtix.fc. J ena)^ tT 

»*««*T*c:Tt«EUfc. «##«G>tt*Hu fti«ET-10AL-TREW 

W^y^Xlfci4tfc5:iS:»lfc. ET-2 1 A-TR#-f@ffitofa 

*fe^3 : ^[»I^^t/^ ^±om^X^tCT K^^"5T«E^g»«a(fc«- 

C i"*"^ K©5 , -*»te****r6*JOft#ft* 

^-—^^ (Molecular Probes)tt) tdft*. 5 »ftttttR£>r i < . ^*fflW£>bDX 

fffc. WWfcSfrEort^fri'hU Jfi*»4:0. 1M!I h 9 

. p H 7 . 4 "Cifc tfc. WW S: 0.05 m AlCT^l/-ff 5 ' -T 

S y^ttt5ET- 10AL(0.1O.D.)82 M ] feUtfe^ttft** 5>± 
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7-ET-l 1AL-TR»U StisEOrt <®SUMB>£frofc„ 
te-a-©AO*HSH:. ET-1 1 A L-TR**-«*t»DN AE5HET- 2 1 A-T 

#Mfc5 ! V<-< , *fc>ig3te#*rH\ tiiWET-1 1 AL-TR45*BBW(ET- 1 

o a l) yy^xu j*fc*fl:$-e:*:»a-e3 *./N-f r P ^-f X 

HJfeM4 : g±Xgg5 jcffUS) £ ft-fcjg ft D N A/fefittlI§ 

$ ixfc D N A/fe*tfc til III: V ^>tc L X m?t -C # 5 * L X V ^5. 
X£iirfc„ ifi?^D$K(EB)S:ft®it(~0.0 5mM EBSMS) 

wxLfciS«Si»ta:faro^*-x?EB(]Etcw«)*»aiufc. i^-t^w 55 

5 y i- X*s i -A-f :/ 9 *V X l fclR:fr<0«IKM{fc« tt, ftffi * ttfc E B t> 
t^T^-f^S^*^ hU 0.0 5 mA. 0 . 0 3 tfA- b -tifWl(DJE<D7£ 
©*3t»l«i: ^ y *V X Ufc«Kt»ffi«H:**«-* ^^E B 
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ET-1 0 AL 
ET-1 0 AL 

Trt'S ^!)A(Al)^J:(;^(Au)EII(0 . 2 5mm. T/^ K'J ^(Aldrich 
Y)V^s*p<D 1 0% 3 -T $ J fcVW h V xf^i/i/7y(APS) <hS 

Sr»ricLfc. 7/v^«)A|j:f^lt5Mli^v\ &KiR* 5 x s S Ci&ffi 

APSgi5liaT<ori:<fi ; o^ : g£*|4: 3-< ^K«]|$fr U #7*«l-Sv^ 

or^UfCo APSiSlDUf»8ftlO%^:tt D U 2 

tmWtmtVtz* WaflWftUfc^^BrJB^^^KBUfeo S*H*> .0 5mA 
-^T-^J3 0S?«^Lfc o 2 RliH^jC^DLfCo m^^W^U 



ET-1 1 ALOE) 2 0 0 > 
ET-2 lA(fe) 1 
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3 y|»(HB, 5XSSC o. l%SDS)*KR1ILfc. 2 
#l#IB*iMMB«(lxSSC, 0.1%SDS)f3@»U *3tliJ:oT 
W.mLfc(®m5 9 0 nm„ j£*6 1 0 nm) 0 

tiURtt, ET-1 2R#**ttK:W»&Mro*HK*Ml«fc#5'^'!> l^Ufc 

S *s#ft-T 6 w t liiotlf c!tv/t„ S#K J: 5 A*«~*>ft«*S J: tm< A 
DNA-T^5 = ^^««»*triltlU3Wli«5KE«©^fc<^^' , J 74 

NA-Ai«as:*it*ftAiEi»T?*aaufc. x^^yov^ k(eb)%* 

JDU ^rojg^J3J:O t ^DNA«^^^lC'(l{a'$-y:Tfe^^SI§l -tro 

ET-1 2 R ET-1 0 ALOE) >14 0 

ET-1 2 R fcMft) 1 

**«BiH:**tt«:«»L-C^fc. *3t->;/^/Hi, ICCD*^ 7 • -f /-S? 
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y^TAS:Sv^ilBtU if-* Lfc. ^fctoitdL^ if 1r 

T*m^Lfco niftier Kv^ L^3B«fflffi«^^3fts»3ttt-efeo^ 0 :<DI1 
o Ifioy^ h*5£tfLS 5 0 B 7 n ^ - ^ - ^^ bffc 1 3t*]Kfi4»T^ 



fl^spg- 5 0 3 3 0 7 





6 1 0 n m<cr 


ABS l^fe 


D . 14 U 




6 . 8X1 




7 . 955 




0. 169 




51.77 




0.151 




0. 035 


p V* ^ y*s S 1 i 


51.22 


DHMW ^fe 


0.743 


. em 






1. 834 




61.39 


TFE 


96.05 





22 . 18 




25.82 




11.32 




3.103 


fife 


45.31 




0 .156 


PVC JXfe 


2.667 



^ g y y ^^-7 a— apx 

ffitt(BI3#K)S:K»L, flDXU • * ir^tc^^^-^^^L 
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8 a) 

APS(3-7 ^y^nbVub L> b =*r ~> XStCte. :/co:£;^® £ 

it. ^iioo,ooo)^M^m e gE^^il. A^yy^f-i/ 

3 ^ll^^O^^i^^l/^ K^IS2 0l(*(T 2-TR)0 2 0 0 nMg«t 3 

7 c ctcT5#r^K;S£^fco ^o^:x:m&^fM£*T*3[HK ixssc*t 

1 

[eja^L^o ^O^^y^rS 9 0nmi^J:r;6 1 0 n mitftO-gftttlC £ o 

8 b) APEX(Pftl¥ft»tt 

7 ftftttfc^O — ^ • X* h • ^7" — ^> 3 V ( P robe Test Station) (^^T ^ cr 
l/-^- . ^/ue 0 0 0)*ffl^XBfi«SLfc. K*5J: 

^asr^Lfc. &JBIB«lte, ii*0<a»ft#T-CH:imA*-ea*.5i:W«Six 
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H(1-5m l)«Z>«SMfc*«(l X S SC)£8 X 8-v b 'J y^^Ktf-^y 

-/ n _y . KSrJEfft^ftfe^-ftfc. HP 6 6 2 5 Af^i^ifc J: t*H P 3 
4 5 8Af-^?/W;Vf/-?-l:fflV^f*tff5 0V|:t, 5 0 nA 

8(c) D NA#f 
&V*T\ tO*-s'5 p *a9^*l»ft#3-ARNA(t^^(Slgp«)tt. 

oo.oo o)-c«iiLfc. ^y:/*ifeiWM^CWB)f-e»i*LT«*dfc 
feitMS^Lfc^ofcRNA&BfcSl-fc. -<OX®tcJ;oT, HM6E*lfci J: 0 
y7":£f*;6* = — h Sit***. SE^fcflj-C*^— Ufc«*J:') t*» Lfc&K^ffil- 

B)<fOT2-TR©2 0 OnMlii 3 7 ttt 5 #|B'>-f ^ XS*fc„ 

&^-c. wBtp^-c3Hi, i x s s epic-disk #^SJat?i^femi^ufc 0 

fy/lt 5 9 0 nm@be*5iOf6 1 0 nraiPS»^ffttLfe. 

8(d) g^x^Wtciww g ixfc^r 2 ! 'J £4 -g- g > 
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*WjB*^«*jEJc«<»S*5ri:»cJ:oTlTofc 0 rlxtt. JM5FLfc«»*B 

S*fflv^rtliJ:oTff5. 3 /i l<^ailf«S:^ hV • K0B*»«fc 

M)±C0^tdgV^^ o — 1 -5 n A<D®ffi£f&#HSEU 0 . 1 t^^/VOT 2 -T 
RfcttSffiKSaHlLfc. ftfr&Pfcj&U fy^SiU, 5 9 0 nmae^J: 
6 1 0 nmf^f^rf^ • KSftttlCOV^tt* Lfc 0 jElC«<»Lfc4* 

ftfrU g®«E2 M lfcK^^-tKSWCe Sffi> ««ttS:«»ra«EL. T2-T 

8 f) APExfy^aeB^>f tr>^ 

»^)H L Aitfi^P d Q a 3 1 - V * K*««r*t5D 
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tt«3EI=:fl|*S*Swkl£J:o-CTKV^U -0.1 a f*» 

B# IB) £ JfflO * * -5 fe £ 5 . 

g A) 1 5fttRa s-1 zyo- ^wa-^fi 
y^r^VNfcRa s-1 Ztxa';- > • *^A-3R "CEW L fc. DNA2*il3 
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2 1 I^i^yn-yt^^ 1 0lft:-2 0lMi^o-^ 5 tt)If 

R a s - 1 2<D0«{C*3l*-t\ 1 5 Ift^M^Sft/^ -^*rtt*^>f 

^.TOlEM^r. #^ 2 5 0 MmilMfiI!:St53t7 
#*E?(IH: : 

Ras-G 5'-GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU-3'- 

Ras-1 3 ' -CC-GCG-GCC-GCC-ACA-C-5' - (TR) 

Ras-2 3' - CC-G£G-GC&-GCC-ACA-C-5' - (TR) 

Ras-3 3' -CC-GTG-GCA-GCC-ACA-C-5' - (TR) 



(72) 9-503307 
-G£>£tFRa s-T«r*3»*lHfcft:U r-K^*tbfc**«ffll«^**»* 

yj^XStto Ra s-lliRa s-Gl:^ilC^tfc 0 R a s - 2 13 1 i£ 

(G- A). Ra s -3te2i&mttmM^X*hZ>{G-A&£TfG 
-T) 0 G-ASMftDNAZ*ilcMltftt)fiV^$tttl^4Uf, 

-4 OtCT 1 5#BB5 x s SCttW^y ^X£ii\ 
4^2 0^X5^1 1 X S SC^-?3lE]Sfc^U 

- 1 b piSSt^CR a s -G/R a s -2)i:»t5^»*(R a s -G/R a s - 1 
I^IfWM(ESC)fe : 

-2 o'ClcT 5#«k 5 x s sc*tv^yy 

- 1 5 07f,;W(y)^X0 . 15; U 7 ^7 (m A) OSf If WMI: 4 »H 
(2 O'OSJBU 

*rfTV\ 

- 1 b pf£2t^(R a s -G/R a s - 2)lCttT Z>fE±M&(R a s -G/R a s - 1 



4#*2p9 - 5 0 3 3 0 7 



(9B) 7aftj3J:t/2 2M7 P P-y^fflV^li-^fSM 

Ra s-G3:fcteRa s -GAt !) ^-(«Tl:^t)^gjSatSO#t t, 
rttfe«r«Wia?lJ^: LTJ8Wc 0 ^T{-Tt2 2 fi#*5 X X* 7 mfr<D R a s 4tH 

Ras-G 5' -GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 

Ras-GA 5' -Amino- GGT GGT GGG CGC CGG CGG TGT GGG 



CAA GA 



Ras-7C 



Ras-TA 



Ras-22A-TR 



Ras-22C-TR 



(TR)-S'-TGC CCA CAC CGC CGG CGC CCA C 

(TR)-S'-TGC CCA CAC CGA CGG CGC CCA C 

(TR)-5'-TGC CCA CAC CGA CGG TGC CCA C 
<TR) -5' -AC A CCG C 



Ras-7A 



(TR) - 5 r -ACA ACG C 



iv-I^R a s-G^/cttRa s -GAtt. jBtt»4UKCC#*tt« Ufc 0 ftV^-C 
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as-2 2C-TRi:/^^y^^tto *-<0««*PKfc«H:. 1 
'p LTV N 5(G - A) 2 2l*T^5Ra s -2 2A-TR ; 
*LTV^(G-A*itFG-T) 2 2l#T?fc5Ra 

^Lfc 0 t-7 K(B io-Rad) 1 0 0 0/5 0 0i^»il^ ftfflttJCtt. 

0 . 0 2-0 . 1 mAlcRSU 0.02-0.0 4 b -B*Wlt?— ^tiSt^ 
£frofc e ^-Y^fciMtU *r4MmtO AD^^ 7 (^^^y (Hamamatsu) 

^£cD>f ^-i?i/NT77 ■T-^^lO-f^-^- ^nir^ if— (Hamamatsu 
10 image processor) K £ oTft] I U V ~— • tT^^ y >- * - (Sony Video 
Printer) K J: oTB»Ufc. S & ft S*^ tt* 

^(DteTmlCfc^ SfiJ: 9 fc tr L 6 4 - 6 TCOJftai* y 9 * ft 3 ?'** * 



(75) 
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SDNA^^iS, APEX • ^±^*flfiC/hS*<flr«"X?»DNAS: 

-^Wc^v^T. 5 '-T SVS*tt-£TV^5tt^E?U£:> 2 2%PAGE. 1 

. ET-23AL^fcliET-l 1 A L»ffiEJ9<OV^-f *t^"C«SKfc Lfc. 
o-yET-1 2R|ix^i^^ • V-* K-eBMLfc. ET.12R-TRIt 
KKfe^^K^iBJfl-efcS, ET-2 3 ALtCte'M':/!; ^Xf6T^53 
ET-1 1 ALfflffiK?IJiC|^^yy ^XUV^t>6 5, 
^TDy/ADNA, ^!>v/»fiDNA(CTDNA, ( S igma)tfc) 

«LTS^S^lmg/mlc07K<i: U iB*««!!3SUlDj» LT*DNA«:*ttS 

*feo 0, O.lMg^fclil.OMg^ttCTDNA^ClO 10 ^ 

f-OET- 1 2R-TRiWmt5fHif 1 0 0 ^ 1^)0 . 5 XT BEf C 
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mm^tc 0 g^DNAlCtt ITO, 1 .OOOSfcttl 0,0 0 0f&Oii§ 

il4CTDNA^:SLTV^fc, 

WRt^-Y 7 K(Bio-Rad) 1 0 0 0/5 0 Ol^ftM!:fflV> 

K^#L(10 0mD, ^«B« 4:0.0 3mA(Ct5^^ IE<Dg;&t-filf& 
TDNA*r«5ILfc. MMrRftS*. ^ » *V * 

^ot^t^ET-l 2 R-T RSW^^Sf 

Ls 4^ *»-fk C A D # * 7 * f+tt * -Tm^M (x^^ V (Hamamatsu) 

10 0^ lS*:t> 0.1ms CTDNAOlFSEifclt^ffft^l'tSftSM :/ 

(9 d) fft/^yy ^if— >a y-^-g^ftSJiBiw ^J ^v-tf— > 
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^Wm&Sky*'^*^ #*«*S3J:tf»BR^M^i:LT. ET-2 3AL 
ioWET- 1 1 ALft»EW-Ctt±H f fc. CTDNA 1 j* g £*M 1 X 1 0 10 
= fc° — <DE T - 1 2R"TR*4tt58til 0 0 M 1(0^ ^ij ^ if — 3 

T% KfiSrl XSSC N O. l%SDS-e3le], #4 S^tClT 5 &Mffc» Lfco 

, «««S:R5IU ^-f^'J ^>f<— >3 0 0 m iSrSJDLfc. KRt* 

✓W*!*, 0.0 6mAJCT3»mjE*CfflfS-**s ft^T3 0WiMS6^ 

tt6->^-j-/uj:9 t> 1 0 o«*e^-cffi^ofc 0 fiB»^tc*5*-ts^^/wy 

-3 0»IB»feJ:VafB«^*a<O*ffS:5|-r5 o 

AlWWy U ^^-^3 Vifem 9 0%(DRfc5tT\U^ 3IU^Co 
tt2.5 nMOT'n-^^ 1 5#BBJBV>£ 0 *569!#&O0 . 1 7 nMtf^u — 
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fc^a^^yy^xufctwtriisv^^-cwnT?**^- DNA y 

* W * y K (Molecular Probes. I nc.)tt*^»ALfc. t*»*l4* T*** 

i) ;m*<o&&tfrt 
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So 

S^IL s£S7K I P<0 2%!g«M£ Itftfflfcp 0.02-1.0 M m(Z)7^ 

ffli#m^7;wtn7t7£ory 3 5/ 0. imp y^th y 

A^^r^^«^^DLfc 0 ^^^-CKJS^^T, 9 0 ftf^ ^-<- h Lfc 
0 1 X S SC. 0 . 1 %S D S (0 . 1 5mM. tfrfb^" h y 0.01 5mM^ 

0.1%(w/v)K7^HS8tHJ!>A, pH7.0)fCS 

y ^-A^iifc. 

V N-f *xa»<B ' W ^ y ^ if— >a Vv' ^t/KC J: o "CfcfrS $ ft 5 Tfc 5 5 fc #> 
3) gjtzZld: ^^DN 

^*ffitt*#«c:**tt-e*> 9 . C to r £ tt»*B*sif «IB?iJt?Ra»ft{t Six 



(80) 4*«¥ 9-503307 



K^/W^^Wifit-^^^M-, 0.0 5mA(D0.5XTBEttl 5# 

^9 loftET-1 0AL*-ti«W#«ffi^JSr^L.TV>^ c DNA-7^tn7 
x7 1 Ml«r±»IfriK»^**^fc« f**^ * * • 0 2mA-CiElC5^IB«« 

B ± tw ^ffi-T «MW 3 fc * IcKKRt* -f * & W ^ L fc 0 KB x /< -f * 

^Xt5DNA-7^tn^7x7lt «^X^W*ltt-^>f ^ !J ^ — 

*rUV^tW^<-Y^*«rE«>rfc<^«>^fUfe 0 DNA-7;^n^7x7 
(DO. 0 5%!g^?K*-bSPSfjKSgt-^^ hSMWU 5»IB*»»l^>r^3 ^ 

*0>«««*:»3IU fffcftlxTBEg»*trWDtfc. ^*tt 

kb^-* * znicmfois^Tm^zm^o mrt^m*!*. o.o2mAic 
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2o^^VNT, APEXf/^7^d s - DNAEJIJ^SJR^^ K** 
T— tf«lW4ra»«»CfT5 5Bi*%EW-r5o Ml 3mp 1 8 (Xba 

I Um^^^ir^ynXrJMl 3m p 8(Xb a I ffiHRAMfe&^T urv^ftv^) 

(^f^Xfft^y D y^f-fef— >3 >\ (2)aj|fiI-OXba I SI 6 

5 4 o©^I«ffl»S (M L - 1 , ML- 2. ML-3^it;ML-4)^ 
»— OXSKWu M13-lty =f^^u^KfflffiiB?iJ^>ML-lt5J:tfML 



^ K«ffiE?O0>M L - 3 *5 «fc t/M L - 4 tf>*ft36*3 i IW***^ 

4tt5 D «»ttpH>4-C*lC«r«UTV^Sfc*^ pH5-9(^»II^ 

IKDIICII ML-lMfill^ttSMl 3mp 1 8i2?JcOMl 3-1 
J£i£IH^J^>. /^ibt/^ML-2^*ffl<ig^ioJt5M 1 3 m p 8E^J^M1 3- 



!]fg?9-5 0 3 3 0 7 



JS = 0>lSfctt» Xb a I»JB»**>ML-I (Ml 3mp 1 8)«*»tt«*S 
iUML-2 (Ml 3mp 8 )i&'«fflftB— €>«jj@|^*ix5o Xb a ItiML-1 
©Ml 3mp 1 8*9JWH-*a** ML- 2 (DM 1 3 m p 8fi«]WrU<CV% ML-1 
ML-30M1 3-2E5ll»C(SliS**t, **UC/^T ^ P ^ * 
gSKOftmt Ltti> ML-2i3J:tmL-4(0|B-tfe*7-f— A'K*** 
W)Zft^tc a ML-20M13mp8iaW9)»t^tV^£V^fcft. ML-4"Ctt 

M13-C1 5 ' - CCA. GTC ACG ACG TTG TAA AAC GAC GGC CAG U 

M13-C2 5'-GTA ATC.ATG GTC ATA GCT GTT TCC TGT GTG U 

MP18-4 0C 5'-GCA TGC CTG CAG GTC GAC TCT AGA GGA TCC CCG- 
GGT ACC G 

MPB-40C 5' -TGC CAA GCT TGG CTG CAG GTC GAC GGA TCC- CCG 
GGA ATT C 

MP18-R1 (TR)-S'-AAA TTG TTA TCC GCT CAC AAT TGC 
MP8-R2 (F)-S'-ACA CAA CAT ACG AGC CGG AAG CAT 

is- 1 -m i 3mmm<onm 

!)*-«-K5-l 0nm)#5HtIiIO2 0 0 n mSSSIfifitf t5A 

Ml 3-C l*«E5"Jtt» 3'-!)#?^>tf Kmt5 3 lS&WDNA 
jj-y rrjt^U^-f-K-CfcS. Ml 3-C lia^lJli. Ml 3mp 1 8*JJ:^M1 3 
mp 8 -:MK+)^*-© 3 Ml 3-C lttffiEJOtt 

t^KT*«. M13-C2B, Xba I «(B»tt4:"S*i-S^ o-s-^ttffi 
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1 3-C l*5j:t/Ml 3-C2*iSE5UH\ APEXM«I±^T^i#» 

1 0-2 0 0.D.W1 3-C l^fcteMl 3-C2t!) =*^ — S^^lCiSft? L 
tf^l OD//2 lir-T^o 0.1MB»tH)^ pH5.2tlgi, 13 

«tt/o.4 5M?t?U^MJ ^^^(TK^t-ff^tc^M)^ lSiSintS. 0£@TT 
> Si^cT4>*< £4>2B#fS] % Si^U^^-FSJStSc 0.1M!J>B 
*^ h y pH 7 . 1 0^7A(/^^-;V 

a (U V) KJfeiJ# So 
2. ML-3 i^Jtl^o 

mi 3-c ^Toistc «toTML-i^j:t;ML-2 ^aesid^ 

iajsit/TSKWJSSSrO . IMS V P H7.4tIfcU 

Hry K(BioRad) 5 0 0/1 0 0 0j*ft»«S:SV^0. 0 5mA$IffiT*55} 

ra^sj§ti5c . i o.D.^fi:^*T?iJ^kMi 3-c i ^-y i^*^ 

• h^y^-Cfc^o 0 . 1 mACT, lMfWf , J^!)-v' 

^rAlift(-) (CiUS * tvT** 9 x ig'#SB#lgM L - 1 £3 <fc t/M L - 2 «i£ (+) \C 
flH&Sjh/CV^o M13C-1I^ t«SE«-T2^KML-l*5J:U f ML-2^m 
«*»U -tr-C*ffi£#«6^i-S. B5LtoofcM13-Cl«:ML-lfe 



(84) 
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M13C-2E?]tt, SMB£H— <&I6-C. ML-3*3*tmL-4««*»{fc« 

^MM 1 3m p 1 8(0^n-=^/MR«tt-fe^^h(6 240-628 0) 
*5<tt^Ml 3mp 8 (6 2 3 0-6 2 7 0 ) HftSftD N AgS^lJ £ /N>f ^ 9 *V X 
Ltttt*U«t6>*V\, tK*»^^» fs^fcJBV^C* 4 0 

«(Wi««»r^(MP 18-4 0CEW)*ML-1/M1 3C-l8f»ttt±©M 
l3mp 18^ * — {C^>f ; 4 0lffflSW»T^(MP8>4 0 

CE5lJ)*ML-2/Ml 3C-13B*»fil±^Ml 3 m p 8 -< ^ * ^ » 

0.1mACt2M> 0.05O.D. 
3mp 1 8mt61^Iff^<y^>^TA?:ft(-)|:H&$ 
^OML-I /MP 1 3 C-lgWM«(+)^HS^^I^aot 

«S^^^t5o l^-OIl^iV^t, M13mp8^^-^ML-1/M 

#^T% Ml 3m p 1 8^o«tt^Ml 3m p 8IE?iJ£r. 2«£>Rft**3te 

. /n-^^t^X^IW^y />fXS«c ML-1/M1 3C-1S 
WlBfili^Ml 3mp 1 8-^^-13:, 2 4l#r#t^ • ^ K«Bfcl"*— 

. y n _y( MP i 8-r i ehi) £ m^i*»fc'W ^y^x^^ -tt 

ti^tz— ^:x^/fHI&Stf£cD5 ^Xf5o Ml 3mp8^ 

£ S-^X^Wtc/N^ ;/ y ^XSt, >^/»JlB«Mfca> 5 • 

Il-3-Xb a I*JI8SMt*J8V^Ml 3mp 1 8 ^-OttlRISIR 



(85) 9-503307 
ilB(pH>p I)tC. Wp H =p £fcteIE(pH<p I)^«f«S 

Oo ^or. p h> 7<oaas*»*-ea*7^»-^K«si*ibSrff -ft 
»*ffitt**-rsct^BB-e*>5 0 ::ftb<£>g#Uite. iilfcLfcpHtcjSCT. 

ML-lttl^Ml 3 mp 1 8-<^^ — cOXb a I ^Jfrl^^T^) «t 5Kfr? 

£ML- 1/M 1 3mp 1 8S*»M£«*-ea*7^— 7UK««»ttS^r5 0 0. 
lmAtCT2^Pfl. pH7.6^SSOT(U 0 0^~;y hOXb a I &<£G1r 

m^-X^T^ !; '< V — • S^^AfcAlcflMfrSH^ ML-1/M1 3 m p 1 8ig$&ftB 

I^y^y — . ->*^.*r«05J&*. 0.1mACT5m ML-1/M13m 
p 1 SjgaifSBfirBtt^^fitt-*^ ML -3 /Ml 3 C - 2 ffllRfflffiltttjEKffiffi- 
£it<5 0 Xb a l^^M^y^XU^of:»^ML-3/Ml 

3 C^gajBtti^bHit-S*:*^ ML-3/M1 3 C- 2«»»{fc««::&*:: 
<If&£ii\ m^X^y^y- — >^^A^§3t). 0.1mAi:t2^HIICl 

^t°i£ft^»lc£5gL£ll3\ ML-l/M13mpl 8ffi»»Bfi:«^*5^^* 

*^^t^ff6t5iit*U Ml 3mp 1 8^?-#Xb a I«J»r*ft 



(86) ^¥9-5 0 33 0 7 

•5, ML-2/M1 3mp 8 HmmM^^xm 9 iS-fo Ml 3mp 8^**- 
llXba igBffc&^L-Cv/.eV'fc.*, »fJt«§J»r*sJ:tJ5^tt^Fpr«g-efc5. 
< Its ML-2/M1 3mp 1 8iaiS«Btt*HL-tro»fei63tV^A'«r»W*i-5 
755, ML-4/M1 3C-2^»*Sficgt?li**v'^/K-±±<^»^^^ , ' -> o 

l8#*-CfT5WIB«ll«Si£:*s**ix*. w*>»£-K*5V"-C, f&JK^ K* * 
S^*fflfi:g»Cd s -DNA^ ^-tfcllDNA^5:fiiit5rt(C£otff 

pex • 7^<-f*±roT K^pitB/iiHWJiaffiM^y^y y/ts^i^fS 
5. r(D3life«i]ttDNA^Iftl#mi-PS^-r ; 5t)(0-Cff£< , ^a^-rote 

Xttftl 1 2 : «W-X3Mi«fe 

A P E XJt*l7°a b=>— /HCioT, DNASI, £Tf-&1$.%.fc<07Ei£i 
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^(D^mmizti^xn. m'&m®LW.\z&G&&£itti-£-£<D*mx' i*©dna 

2) «iS:/n-:/KJ; 9£#M-ft£;ft.f::DNA#y ^7- J; o 
t|g4lip £^Stiti#>DNA«(-)£-§-J*£=fTV\ 3) gffcfe-g-j&LfcDN 
A/^y!) K^S^X^lc^tt^-B:, 4) ^WDNA^r^-^tiJS^n- 
7*KT=-y -ilBSW/B-T'^iLi^ £ Ltv^-lDNA 

5) 9 t Ltv^lMDNA(+)il:DNA-fy 

111) ffi&:/n-:/^<D*Itf)IB;?lJtf>tt§ 
Ig2) SWICft«K<CDNA«^ 

DNA^y ^ 7-ffcj;ydN TP^swea 1 »c3tm^x^{c^-r-5 
o »«^ti-^H:DNA#!) ^ 7-*k 3 •*§ t, ffifemtt®.mrt.mMz&m 

i§3) mit^^.vtimnm^T.^tfym\± 



(88) 



9-503307 



IS4 ) y7^^-(ffiffi*5i^«^^ n -^) roDNA ^ <D7 ' _!; 

+ tiJ:t;-DNAlroM*IC7^-'J^JttDNA#^7-^fflffl^ 

115) 2;£<7>$rLV\DNA#l<£>-&#c, 
JLU6) Jt««W6iai«>-!M XWfc 

*V^, ftWDNAJKlM:?— ^ T7tfcttSP8RNA*J^Hf, 
:pS*Sf. DNA!) if— \?}5£Xf#}) ■ 7— "S. /«eP>W-f& 



(89) 9-503307 
APEX • *"y^*fcttt^>f ^ n^S^— ^ttIf^W*OVvf^h/C£>%3 fc. 

c) h^^rtcizo-r, b) i:E«tfcrwffl»y7h?*7^?)W 

d) SU^^/n— K^x7^J:i;y7 b ^7y77ACJ:ot, >f * — S*K* 

t-*3 ItSDN A*S-&tt2f1UB h <F>ik%\% ^r*mm L T . DNA8 

y^-7i- ^-e«M$ixT«5 9. ape X7/^ ^li/tS^tilf - ^ ^ 



(90) 



9-503307 



f^—^ £ LTv y^f > h S'V'a- • ^7K7 (Macintosh Quadra) 9 5 0 £rffll^ 
6^:7 T K7 9 5 0 i^itLfctv' a "^"^ * -i' >^~y^^- s-y (National Inst 
ruments)*- K£ JS^-Cfuia^- K -7 ^ T • ^ y?-7x-7lrSftt?.„ ^ 

/l^ ^(National I nstruments)*"- Ktt, ^'VyA~'/ay-^7 
T ->3 >(High Resolution Multifunction) I /Otf— KNB-MIO-1 
6XL-1 8«rtD^ - T-7 r-T's' KAnalog Output) • K.NB-AO-6 
5 • ■jSZfy h/TV Y-fv MTiming I nput/Output) • K. N 
B-T I O- 1 <K * — K(B lock Mode) DMA • 7^ K'GP 1 B W 

^-7^ ^(Interface) • K, NB-DMA2 8 0 0. 'iW^to 
:7* • • =" >f*-f a — • /^(Analog Signal Condition! 

ng Modules) • #- Kjs zxfmmttmo* s?»— ft hm^nmm^^- 

5 b i/D-Xt?fe5 0 *T K7>froNuBus/l-:-K*3J:tJAPEXT r ^-1'^P^<0 
gifefcli, SCXI-10017V-AK«»6hfcSCXI i 6 -f^y^ 
SPDT!) • ^E-i^a.— /V- • ^— ?o 
3**01 l 4 : a-T-X^MWKilsKPWUfe^ tJt^^i? ^-f if— ^#*f-*l 



(91) 



t«*W(Oi3(*4APEX«»ft, DNA/vf^y^*-'/9 > • T 
aK»(iSL*. «(fc)«r»BiU */hia<o««W*flF*5J:t5»(*X¥-C-tix*: 

asu &v^r^WDNA^^^^^^^p a n^cm^x^^c7 ^ ^;^y r 
z> 0 z<d rgtt«^x^*oxj — tttt«ctt*«boxa*3itm«^««»^ 

D N AttfmS^i^flf^fcii)^* A P E X • v^X-Ai*. it-«AP 

Exa^i:io< #is^a5p a p^ffiv>T*Dx-r5r t^-e#5 0 ^^^^(vffif&m 

*(dli(i)«^x^M/ia^^^ * — • -2/ b ; (2)«*x^ll8PI*J^=* h 

; ( 3 ) ®^X^^CO-0feJB^^ y h ; (4)SDNAt^ • b ; 

(5)«-DNA*fctt»IIR»r^-feW^^ - ■ My b ; (6)DNAiW#^ 
3/ b ; 43j:tf(7)APEX»W3-^s/ b y T^****!*. **APEX^ 
i 8 (£7Fi~ 0 

Lt> fl^ro«ijAKXrt. »»y *fc»^>f vjoxttw 
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tnttWRWr^lrAPEX^W^s/^****^? fe**v^t>55 U APEX 

t3fl«-e*5* s . 6 4«lfcJiBttJiAPEX»*r«j***i«v^ro'frW- rt^jsis 

JcioTSRBISSriBft-rS «rf-X*iH*— IeHsMv^x A^rS^t- 

I T«K(D N A/R N A) W^iiSt6 : ^-Ct 5 0 
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ftDN A-fe: V* * — tt, DNA(C# IT" «ttfc»fDte**rr 5 A P E Xf/< 

3|s^DNA^*'&ttS:^*^S*6J:5^fcKf^^?<^TV^S. »JI8»* 
*JBl^"t\ fiDNAtl/^ * — ^.^^ h-TrDNA£a!tRffrf-§J©Tl-5 wirld^ 
ffllWWISKJm* *ft*jEK««M- 5 r. t K £o T\ fg- DN Al£ fcil 

APEXMfy^T'fiiSStl^ £fc. DNA»jm*rjK^=3' K *>5V* 



(94) 



5 0 3 



m n & 



(i)mSSA: T-f^/W • ^x-Y • ^7 -(Michael J . Heller) 

jl— • f-jt — (Eugene Tu) 
^l^y • • x/<>X(Glen A. Evans) 

• *J4 ♦ yxy^Xir- (Ronald G. Sosnoeski) 

( i i : »?4Wfi»*r**^Kffl©SB7 Kl/X^TO 

( i i i )§5?ij©ife : 4 5 



(i v)®flft/5r : 

(A) *«A : 

(B) S!) : 

(C) *m : 
CD)*H : 
(E)Sff : 

(A) $S#©S : 

(B) 3 > t° jl - ^ - : 

(OJti'-tfJ'f -fat* • 

(D)V7 hfx7 : 

(v i )^^m^^-^ : 

(A) tUIB*^- : 

(B) tiJlSB : 

(v i i >4te©Hill7 f -*' : 



=?4Jty • 7 > K ■ # > ( L yon & Lyon) 
?;nx h • > y ?XX • X h U — h 6 1 
PXT >-tr^^ 



9 0 0 1 7 

3.5'r^y./h, 1.4 4Mbj*ff 

IBM P. C. DO S(/<- v 5 a >5. 0) 
^ „ y,*- ? h (y<- g > 5 . 1 ) 

0 8/2 7 1.8 82 

1 9 9 4*P7£ 7 B 
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(A) tUM-^: 0 8/1 4 6.5 04 

(B) ffliB : 1 9 9 3¥1 1£ 1 B 
(v i i i )rtaA/fta¥»^r«« = 

(A) ft£ : v — 7 w — . 5*-f t* » K • b*-f 

(Murphy, David B.) 

(B) a«*t : 3 1.12 5 

(C) #K/7r^ff 2 0 7/2 63 

c i xmmwmmmmm -. 

(A) *S«: (2 1 3)4 8 9-1 6 0 0 

(B) 7r^X#f : (2 1 3)9 5 5-0 4 4 0 

(C) fl/-yn#f : 6 7-3 5 10 

(A)E?iJ©^$ : 2 4 

<C)«I©8[ : 
( i i )E^J : @E?IJM : 1 : 

GCT ACG CCC TGC TCA TGA GTC TCO 24 

(2)15?iJ#-^: 2IClB-a-5flHB : 
(i )Efll©fttt : 

(A) E7!IG>JIS : 2 1 

(B) EJIJCDM : 

(D) h sKo >>— Stfttt 
( i i )@2?IJ : E^JS"^ : 2 : 

AAA AAA AAA AAA AAA AAA AAA AAU 21 
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( i )§£?iJ©4#tt : 
(A)E?ij©^£ : 3 4 

(C)8©&: -#* 
(D) 

( i i )B£?i] : m?m^ : 3 : 

CTA CGT GGA CCT GGA GAG GAA GGA GAC TGC CTG U 

( i )E5iJ©$#f£ : 

(A) E?U©&3 : 2 0 

(B) EW©S: ^ K 

(C) *W>»: ~* Sj5 

( i i )@e?'J : EJiJ*^ : 4 : 

GAG TTC AGC AAA. TTT GGA GU 

( i )1E?iJ©&& : 

(B) @£?IJ©M : 

(C) «©tt : 

( i i )E?IJ : E^l*^ : 5 : 

CGT AGA ACT CCT CAT CTC CO 

( i )E9iJ©«tt : 
CA)Be^J©S$ : 1 8 

(B)@£^]©M : 



34 



20 



20 
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(C)ffl©» : 

c i i mn ■■ mm-^r : 6 : 

GTC TCC TTC CTC TCC AOT 1B 

CA)SE?iJ©g$ : 2 0 

(B) S£?IJ©I3: 

(C) iH©2&: — 

(D) h*ov>- mm®. 

( i i : @£F1J#-^ : 7 : 

GAT GAG CAG TTC TAG GTG GD 20 

( i )EJlJ<Z>^tt : 

(A)E^iJ©g$ : 1 8 

<B)E?'JGDI2 : 

( i i )E?iJ : 15?iJ#-^ : 8 : 

CTG GAG AAG AAG GAG ACU 18 

(2)@£?ij#-^ : 9icM-fzmm : 

( i )E?iJ©4Hfe : 

(A) E?iJ©g£ : 2 2 

(B) E?'J©S!: *SE# 
■(C)«©»: — 

(d)k^d^- mmvt 

( i i )EJ"J : : 9 : 

TTC CAC AGA CTT AGA TTT GAC U 22 



(98) 



c 2 m?m^ : 1 o KM-tzmn 

( i : 
(A)iE?iJ©gS : 2 0 

cornet* : 
c i i )se^j : - i o .• 

TTC CCC AGA TTT AGA AGA TO 

(2)g£?i]#^ : 1 1 KMi-ZHl^i ■ 
( i )e?i]G>4#1£ : 

CA)E?IJ£D^^ : 2 0 



( i i )S£?iJ : : 1 1 : 

TGT TTG CCT QTT CTC AGA CU 

<2)ie^M-^: 12 

(A)E^iJ©SS : 2 0 

(C)«©& : — 

( i i mn ■ wsm^ = i 2 : 

CAG CGC TGT GAC AAA ACA TO 

(2)ge?»J^-^ : 1 3 lwB5-T51t« : 
( i)S£?iJ©^tt : 

(A) ffi3?iJ©S£ : 2 0 

(B) EJ!J©M: 
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c i i mm : mm^r 1 3 : 

TGC GAG CTG CAG TCA GAC AT 



(A)E?lJ©££ : 18 

(D)htfn^- itlltt 
( i i )mn : ffi^J#-^ : 1 4 : 

GAG AGA CTC ATG AGC AGG IB 

(2)E?!J#^ : 1 SiZMirZmm : 
( i )E5l]©&tt : 

(A) E31©:ft$ : 18 

(B) E?fl©M: ^ 

(C) «©»: — *s* 

( i i : E^JS^ : 1 5 : 

CCT CGT CAT GAG TCT CTC 18 

<2)E?U« : 1 : 
Ci)E?U©4#tt: 

(A>E2FI©** : 1 9 

(B) E?i)©S! : IftK 

(C) «©»: — 

(D) h#oi>- ifttt 
( i i )E?"J : Efll« : 1 6 : 

TTT TTT TT7 TTT TTT TTT T 19 



(100) 
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( i )]B?<I©#£ : 
(A)iS?>J<7>g£ : 3 3 

( i i : EM*^ : 1 7 : 

CAG GCA GTC TCC TTC CTC TCC AGG TCC ACQ TAG 33 

(2)b?ijs^ : 1 8 rcwr*i*# : 

(i )E?ll©«$tt : 

(A)E?)J©^$ : 1 9 

v.jj^ r q> lj >- — 
( i i )BEJiJ : @BFiJ#-*t : 18 : 

CTC CAR ATT TGC TGA ACT C 19 

( i )BB2W©1*e : 
(A)@E^iJ©S$ : 1 9 

( i i mn : @S?'J#^- : 2 0 : 

GGA GAT GAG GAG TTC TAC G 19 

(2)BEF>J§-*§- : 2 1 KiWtf-aitfR : 
( i )SE^IJ©#tt : 

(A)E*l]©Sa : 1 7 
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(C)gj©&: — *« 

( i i )mn : EZPm^ : 21 : 

CTG GAG AGG AAG GAG AC 

(2)E?>JM: 2 2 KM*-***: 
( i )E5>J©«rtt : 

(A) ffi?"J©fi£ : 19 

(B) @e^jOM: SB? 

(C) «©a: — 

(i i )S5?« : E?'j#-S§ : 2 2 : 

CCA CGT AGA ACT GCT CAT C 19 

(2)E9>J<-9 : 2 3 CMt^ii : 
( i )»J©*Hfe : 
(A)I£?iJ©fi$ : 17 

(c>*©&: — *m 

( i i )@£?'J : : 2 3 : 

GTC TCC TTC TTC TCC AG 1"> 

(2)E?«JS-5- : 2 4 KlW-f Stiff* : 
( i )E^J©iR?tt : 

(A) BE?'J©gS : 2 1 

(B) IE^JOSI: 

(C) $j|©£* : 

( i i )EW : E?»J## : 2 4 : 

GTC AAA TCT AAG TCT GTG GAA • 21 
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C2mnm^ ■ 2 5 Kgai-sttfB : 

( i )1B?iJ<Z>#& : 

coaoa : 

(D)ht*Di?- 
C i i )@£5*J : B£5>J#^ : 2 5 : 

ATC TTC 7AA ATC TGC GGA A 

(2)S5?iJ« : 2 6 CHtStt* : 
C i )ie?lJCD#& : 

( i i )EyiJ : E^l*-* : 2 6 : 

GTC TSA GAA CAG GCA AAC A 

(2)E5'J#-^ : 2 7 KM**** : 
( i )EW©4*tt : 
(A)E9IJCD«S : 

(D)h*py- 

( i i y&m : BS^JM : 2 7 : 

ATG TTT TGT CAC AGC GAT G 

(2)E*J#-^ : 2 8HHtSft« : 
( i )E?lJ©*H£ : 

(A) E?iJ©g$ : 

(B) E?"I©S : 



1 9 

19 



1 9 

19 



1 9 

19 



3 0 

TO 
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(D) h^n-;- 
( i i )E7'J : @2?'J#-*§ : 2 8 : 

GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 

C2 : 2 9 KWTSfllffl-: 

( i )EW&1£ : 

( O^OlSt: 
(D) K#us>- 
( i i )E?U : E?rJ#"^ : 2 9 : 

GGT GGT GGG CGC CGT CGG TGT GGG CAA GAU 

C2)E?>JS-5- : 3 0 Km? z> mm : 
( i )E?iJ©£M£ : 
(A)E?iJ©^£ : 

(D)h*ny- 
( i i )EF>J : E7!M : 3 0 : 

CC GCG GCC GCC ACA C 

C2)BW*^: 3 1 fCB3«fi$g : 
( i )EW©tttt : 

(A) EJIJ©^:^ : 

(B) EJlJ©^ : 

(D)h#oy- 

( i i )E?'J : K?iJ§-*f : 3 1 : 

CC GCG GCA.GCC ACA C 
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15 



(2)E5*j#-5§- : 3 2Km-tzmm : 

(A) B79«Dfi3 : 1 5 

(B) E?i]©ffil : 

(i i ">mn ■■ m&m^ 3 2 : 

CC TQT SCA QCC ACA C 

(2 : 3 3 KB5*-*tif$ll : 

( i )e?ij©# t£ : 

(A) E?U©S£ : 3 0 

(B) SB?'J©M: 

(C) fc<D»: — *« 
( i i )£7»J : : 3 3 : 

GGT GGT GGG CGC CGG CGG TGT GGG CAA GAU 

(2)EiW5- : 3 4 : 
( i )E9J©*itt : 

(A) E?iJ©S£ : 2 9 

(B) E?U©§i: SB* 
(C >«©£*: — *« 

(D) F^ai'- KMM 
( i i )EW : EM#^ : 3 4 : 

GGT GGT GGG CGC CGG CGG TGT CGG CAA GA 29 

C2DE?>J#-st : 3 5KH-i-3tiWH = 
C i )E5iJ©4$t£ : 

(A) E5>J©fi* : 2 2 

(B) E5U©M: 



30 
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(D) 

( i i )E?U : mvmn : 3 5 : 

TGC CCA CAC CGC CGG CGC CCA C 

(2)ge?ij#-^: 3 6K&g-rstitfB: 

(A) @e?iJ©S$ : 

(B) @S?iJ©M : 

(D)^oy- 

( i i )EJ*J : Effl#-3 : 3 6 : 

TGC CCA CAC CGA CGG CGC CCA.C 

(2)EW»: 3 7K§8-t-5«« : 
(i)E5«©#tt : 

(B) E?U©S : 

(C) i£©8t : 

(D) F#av»- 

( i i >@2?iJ : ETAM" : 3 7 : 

TGC CCA CAC CAC CGA CGG TGC CCA C 

( i )I25U©#£fe : 
(A)1H?IJ©^$ : 

(D) h#oy- 
( i i )E9U : E^§# : 3 8 : 

ACA CCG C 
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22 



2 2 

22 



22 
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mm 
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C2)BE?UM: 3 9 : 

c i mme>&& : 

(A) SE?iJ©g£ : 
(D) Moy- 

( i i )fi£?IJ : : 3 9 : 

ACA ACQ C 

( i )iB?iJ<Z>#& : 

(B) K?lJ©S! : 

( i i : K?iJ#-^ : 4 0 : 

CCA GTC ACG ACG TIG TAA AAC GAC GGC CAG U 

( i )E?'J©#tt : 

(cm®®. : 

(D) h#oi?- 
( i i )K?iJ : E?ij#-*§- : 4 1 : 

GTA ATC ATC GTC ATA CGT GTT TCC TGT GTG U 

(2)ESI*-9: 4 2K&3-*-3fiN£ : 
( i )B2?lJ©#t£ : 
<A>@ejiJ©S$ : 
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( i i )@2?IJ : EFlJOT : 4 2 : 

GCA TGC CTG CAG GTC GAC TCT AGA GGA TGC CCG GGT ACC S 40 

.C2)C7im : 4 3 ICMTZfim : 
( i )S2?iJ©te& : 

(A)E70©fi£ : 4 0 

<C>3Sl<D&: — 

( i i )E2W : BE?iJ#-^ : 4 3 : 

TGC CAA GCT TGG CTG CAG GTC GAC GGA TCC CCT GGA ATT C 40 

(2)EM#* : 4 4 ft : 

( i )E?iJ©&tt : 

(A) £?i]©S£ : 2 4 

(B) E?1©I : 

(C) *©ft: — *«* 

(D) h#n{>- fi«M* 
( i i )@2?iJ : mnm^ : 4 4 : 

AAA TTG TTA TCC CCT CAC AAT TGC 24 

(2)E^J#-^: 4 5 K§S-r*titfB : 
( i )E?fJ©#1£ : 
(A)S5?i]©g£ : 2 4 

(C — 
( i i )E?!l : ETOTC : 4 5 : 

ACA CAA CAT ACG AGC AGC CGG AAG CAT 24 
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